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Abstract: The actin cytoskeleton is a dynamic structure with actin-binding proteins (ABPs) playing an essential role
in the regulation of migration, differentiation and signal transduction in all eukaryotic cells. We examined the rela-
tionship between altered expression of four ABPs and clinical parameters in esophageal squamous cell carcinoma
(ESCC). To this end, we analyzed 152 formalin-fixed and paraffin-embedded esophageal curative resection speci-
mens by immunohistochemistry for tensin, profilin-1, villin-1 and talin. A molecular predictor model, based on the
combined expression of the four proteins, was developed to correlate the expression pattern of the four ABPs with
clinical factors and prognosis of ESCC. According to the results, weak significance was found for tensin in lymph
node metastasis (P=0.033), and profilin-1 in pTNM stage (P=0.031). However, our four-protein model showed strong
correlation with the 5-year overall survival rate (P=0.002). Similarly, Kendall’s tau-b test also showed the relation-
ship between the collective expression pattern of the four ABPs with lymph node metastasis (P=0.005) and pTNM
stage (P=0.001). Our results demonstrate that the collective protein expression pattern of four actin-binding pro-
teins could be a biomarker to estimate the prognosis of ESCC patients.
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Introduction

The actin cytoskeleton is comprised of a large
group of proteins that exists in most types of
cells, and plays a major role in eukaryotic cel-
lular structure, migration, and endocytosis, and
promotes invasion and metastasis of cancer
cells [1]. The actin cytoskeleton may promote
these processes by: 1) changing the shape of
cells by participating in the formation of sheet-
like, finger-like or bleb-like pseudopods [2], 2)
inducing inside-out and outside-in signaling to
regulate cell adhesion [3], and 3) generating
force by dynamically assembling an actomyosin
network to promote cell movement [4]. Many
studies have revealed that the abnormal actin
regulationisresponsiblefortheinvasionand met-
astasis of cancer cells [5].

These complex functions require precise regu-
lation through modulation of actin-binding pro-
teins (ABPs). Eukaryotic cells contain a large
number of ABPs that regulate the structure and
dynamics of the actin cytoskeleton in cells [1].
Tensin, localized at focal adhesions, binds to
actin filaments and is involved in signaling path-
ways. Major binding domains of tensin include:
1) a phosphotyrosine-binding domain that binds
the cytoplasmic tail of B-integrin, 2) a Src homol-
ogy 2 domain that binds FAK, DLC-1, and PTEN,
and 3) an N-terminal region related to PP1x [6].
Tensin regulates cell polarization, migration and
invasion by protein phosphatase [7]. Profilin-1,
a small actin-binding protein, is ubiquitously
expressed in all types of cells. In general, pro-
filin-1 binds to three classes of ligands, includ-
ing actin, proteins containing poly-Il-proline
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Table 1. Clinicopathological characteristics of patients

and metastasis of cancer calls and affect

the prognosis of patients in other malig-

Characteristics Five-year survival rate (%)
Age

57 or younger (n=75) 46.7

58 or older (n=77) 37.2
Gender

Male (n=114) 39.7

Female (n=38) 48.4
Histological grade

Well differentiation (n=44) 42.8

Moderate differentiation (n=93) 41.7

Poor differentiation (n=15) 40.9
Depth of tumor invasion (T)

Muscle (T2, n=8) 52.5

Serosa (T3, n=143) 41.7

Surrounding (T4, n=1) 0
Regional lymph node metastasis

NO (n=77) 58.9

N1 (n=75) 24.3
pTNM stage

I/l (n=81) 57.0

H/IV (n=71) 24.3

nancies [9, 18, 19]. However, the charac-
teristics of these four proteins in ESCC
remain unclear. Since actin-binding pro-
teins synergize with each other to regulate
cell function, it is highly possible that the
expression pattern of the four-protein co-
mbination could accurately reflect tumor
status and prognosis.

Materials and methods
Patients and tissue specimens

For the retrospective study, immunohisto-
chemical staining was performed on 152
paraffin-embedded ESCC specimens and
adjacent normal esophageal epithelium
(16 cases) surgically resected at Shantou
Central Hospital from 2000 to 2006. Am-
ong these patients, 34 cases were female
and 118 cases were male. The median
age was 58 years with a range of 31-75

(PLP) stretches, and phosphoinositide (PPI)-
based lipids [8]. Profilin-1 can promote the
velocity of membrane protrusion by facilitating
various PLP domain-bearing actin regulators,
including N-WASP and Ena/VASP. Therefore,
profilin-1 could be an important element in reg-
ulating actin dynamics and cell motility [8, 9].
Villin-1 belongs to the gelsolin family, including
gelsolin, severin, fragmin, and CapG [10]. How-
ever, villin-1 is unique in actin-capping, -bun-
dling and -severing in epithelial cells, and influ-
ences the polymerization and depolymerization
of actin filaments [11]. Talin is a focal adhesion
protein that interacts with multiple adhesion
molecules, including integrins, vinculin, focal
adhesion kinase (FAK) and actin [12]. By bind-
ing to the NPXY motif of the integrin B subunit
and actin, talin mediates the bidirectional sig-
naling pathway between a cell and the ECM,
making talin an important regulator of cell
adhesion and motility [13, 14].

Current research shows that the development
of different cancers, including esophageal squ-
amous cell carcinoma (ESCC), may result in ab-
normal expression of ABPs [15-17]. We choose
to study tensin, villin-1, profilin-1 and talin, all of
which are classical ABPs [1]. All have been
shown to play an important role of the invasion
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years. Patients were followed up for a ma-
ximum period of 148.9 months, and mini-
mum period of 1.3 months, with a median of
33 months. All of the tumors were confirmed as
ESCC by the pathologists in Department of
Clinical Pathology, the Central Hospital of Sh-
antou City, and the cases were classified ac-
cording to the seventh edition of the pathologic
tumor-node-metastasis (pTNM) classification
of the International Union against Cancer.
Information about age, gender, stage of dis-
ease, and histopathological factors was obta-
ined from medical records. Patient data is sum-
marized in Table 1. This study was approved by
the local ethics committee.

Tissue microarray and immunohistochemistry
staining

Tissue microarrays (TMAs) were constructed as
previously described [20-22]. 4 uym-thick tissue
microarray sections were cut from the TMA
blocks, dewaxed in xylene, rehydrated in alco-
hol, and incubated in 3% hydrogen peroxide for
10 min to block endogenous peroxidase activi-
ty. Antigen retrieval was performed by micro-
wave oven heating (10 min) in 0.01 M sodium
citrate buffer (pH 6.0). Sections were incubated
with 10% normal goat serum in PBS for 15 min
at room temperature to block nonspecific bind-
ing. Then sections were incubated overnight at

Int J Clin Exp Pathol 2014;7(9):5950-5959



A four actin-binding protein model for escc prognosis

Negative

Tensin
Profilin-1 |

Villin-1

Talin

Positive

Figure 1. Expression of tensin, profilin-1, villin-1 and talin in human normal esophageal epithelium. All original
micrographs are at the same maghnification (400x). The embedded micrographs are at 200x%. Scale bars =50 ym.

4°C with each of the four primary antibodies:
rabbit anti-human tensin polyclonal antibody
(sc-28542, 1:500 dilution, Santa Cruz Biotech-
nology, Inc. Dallas, Texas, USA), rabbit anti-hu-
man profilin-1 monoclonal antibody (EPR6304,
1:1000 dilution, Epitomics, Burlingame, Cali-
fornia, USA), mouse anti-human villin-1 mono-
clonal antibody (66096-1-Ig, 1:500 dilution,
Proteintech Company, Wuhan, Hubei, China)
and mouse anti-human Talin monoclonal anti-
body (sc-365460, 1:200 dilution, Santa Cruz
Biotechnology, Inc. Dallas, Texas, USA). Then, bo-
und antibodies were visualized with a PV-9000
2-Step Plus Poly-HRP Anti-Mouse/Rabbit 1gG
Detection System (ZSGB-BIO, Beijing, China)
and a Liquid DAB Substrate Kit (Invitrogen,
Carlsbad, CA, USA). Negative controls were pre-
pared by substituting normal mouse or rabbit
IgG for the primary antibodies.

Evaluation of immunohistochemical staining

Positive reactions were defined as those show-
ing brown signals in the cell cytoplasm. Each
separate tissue was scored on the basis of
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intensity and cells of positive staining. The
intensity of positive staining was scored as fol-
lows: 0, negative; 1, weak staining; 2, moderate
staining; 3, strong staining. The rate of positive
cells was scored over a range of 0-4 as follows:
0, 0-5%; 1, 6-25%; 2, 26-50%; 3, 51-75%; 4,
75%. If the positive staining was homogeneous,
a final score was achieved by multiplication of
the two scores, producing a total range of 0-12.
When the staining was not homogeneous, we
scored it as follows: each component was sc-
ored independently and summed for the re-
sults. For example, a specimen containing 25%
tumor cells with moderate intensity (1x2=2),
25% tumor cells with weak intensity (1x1=1).
For statistical analysis, to reduce subjective er-
ror, every protein was graded by two persons at
least. We divided all samples into two groups
according to the final score. Negative expres-
sion group was set as follows: tensin score <5,
profilin-1 <1 score, villin-1 score <1, and talin
score <4. Positive expression group was set as
follows: tensin score =5, profilin-1 score >1, vil-
lin-1 score >1, and talin score >4.

Int J Clin Exp Pathol 2014;7(9):5950-5959
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Figure 2. Expression of tensin, profilin-1, villin-1 and talin in human ESCC tissues. All original micrographs are at the
same maghnification (400x). The embedded micrographs are at 200x. Scale bars = 50 ym.

Combined protein analysis

To understand the association of tensin, pro-
filin-1, villin-1 and talin expression with the sur-
vival of ESCC patients, a Cox proportional haz-
ards regression analysis was used to evaluate
the association between biomarker expression
and survival of ESCC patients. We then con-
structed a model to estimate risk by summing
the expression level of each biomarker (posi-
tive-expression =1, negative-expression =0)
multiplied by its regression coefficient [23].
Patients were dichotomized into high- or low-
risk groups using the 50th percentile (i.e.,
median) risk score as a cut-off value.

Statistical analysis

Statistical analyses were performed using
SPSS 13.0 for Windows. The Kendall tau-b rank
correlation analysis was used to evaluate the
association between tensin, profilin-1, villin-1,
and talin expression, and clinicopathological
parameters including age, gender, differentia-
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tion grade, invasive depth, lymph node metas-
tasis and pTNM stage. Cumulative survival time
was calculated by the Kaplan-Meier method
and analysed by the log-rank test. Univariate
and multivariate analyses were based on the
Cox proportional hazards regression model. P
value less than 0.05 was considered signifi-
cant.

Results

Actin-binding protein expression in normal
esophagus epithelial tissue and ESCC

All four proteins were predominantly expressed
in the cytoplasm of both normal esophagus epi-
thelial and ESCC tissue (Figures 1 and 2). For
normal esophageal epithelial tissue (Figure 1),
out of a total of 15 patients, 3 were negative
and 12 were positive for tensin expression.
Profilin-1 staining was examined in 16 patients,
5 of whom were negative and 11 were positive.
In 13 patients, 5 were negative and 8 were pos-
itive for villin-1 expression, and in a total of 10

Int J Clin Exp Pathol 2014;7(9):5950-5959


app:ds:epithelial
app:ds:tissue
app:ds:epithelial
app:ds:epithelial
app:ds:tissue

A four actin-binding protein model for escc prognosis

Table 2. Association of tensin and profilin-1 expression with

clinical pathological parameters in ESCC

stage, we performed the Kendall's
tall-b test (Table 2). Factors showing

Tensin® Profilin-1° significant correlations were lymph
o+ n P* B . node metastasis (P=0.033) with ten-
Age (years) &n,fﬁnd:L pLNMhSta\]/gﬁ' (P1=O.O31|). wF;]h
<58 73 2 0115,0276 9 66 -0.034,0811  Profilin-1. NeitherVillin-1 nor talin sh-
owed any significant correlation with
>58 71 6 11 66 .
clinical parameters (data not shown).
Gender
Male 108 6 0.000,1.000 13 101 -0.090, 0.406 Association between ABPs and pa-
Female 36 2 7 31 tient survival
Differentiation .
G1 43 1 0117,0207 3 41 -0149,0063  We used the Kaplan-Meier test to
G2 88 5 13 80 :jsgufy t:e at§so:|at|op bletl\:/\./een tge
63 13 2 4 1 sgn patien _survwa ( |gure _).
) Negative expression for tensin or vil-
Invasive depth . .
lin-1 meant better survival compared
T2 7 1-00780379 1 7 0.0086,1.000 to positive expression, while positive
3 136 7 19 124 expression for profilin-1 or talin me-
T4 10 0 1 ant better survival compared to neg-
LN metastasis® ative expression. However, all four
NO 76 1 0.180,0.033 6 71 -0.161, 0.057 proteins showed no statistical signifi-
N1 68 7 14 61 cance with survival of ESCC patients
pTNM stage (tensin, P=0.071; villin-1, P=0.160;
/1 79 2 0434,0147 6 75 -0.182,0.031 profilin-1, P=0.072; talin, P=0.146).
n/1v 65 6 14 57

Four-protein signature analysis

The Kendall’s tau-b test, *P value <0.05 was considered significant. LN:

lymph node. ?negative (-), score <5; positive (+), score >5. *negative (-),

score <1; positive (+), score >1.

patients, 2 were negative and 8 were positive
for talin expression. The positive rates of ten-
sin, profilin-1, villin-1 and talin expression were
80%, 68.8%, 61.5%, and 80%, respectively. In
ESCC tissue, the positive intensity was very dif-
ferent from normal tissue (Figure 2). Statistical
analysis revealed tensin score ranging from O
to 7, with most scoring lower than 5. Profilin-1
and villin-1 scores ranged from O to 11, most
scored lower than 4, and only one patient
scored 11. Talin scores were well-distributed
over the entire O to 12 range. When dividing the
152 cases into negative and positive expres-
sion groups, 95% (144,/152) were negative for
tensin, whereas only 13% (20/152), 12%
(18/152), and 13% (20/152) were negative for
profilin-1, villin-1, and talin, respectively.

Actin-binding protein expression and clinical
pathological parameters in ESCC

To determine the association of ABPs with clini-

cal pathological parameters, including age, ge-
nder, differentiation, invasive depth and pTNM
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Our molecular prognostic model was
calculated as Y = (B1) x (tensin) +
(B2) x (profilin-1) + (B3) x (villin-1) +
(B4) x (talin), with Y equal to risk score and f3n
equal to each protein’s coefficient value from
univariate Cox proportional hazards regression
analysis. In the model, 31=0.749, B2=0.51,
33=0.519 and B4=0.425. Then 152 patients
were dichotomized into a high and low risk
group using the 50th percentile (median) cut-
off of the combined final score value.
Comparison of our four-protein signature analy-
sis, for all 152 patients, showed strong correla-
tion with Kaplan-Meier curves for overall sur-
vival (P=0.002), with the low risk score group
predicted to have better prognosis than the
high risk group (Figure 3). The Kendall’s tau-b
test revealed significance for lymph node
metastasis (P=0.005) and pTNM classification
(P=0.001), whereas other parameters, such as
age, gender, differentiation and invasive depth
had no significance (Table 3). In the Cox regres-
sion models, only lymph node metastasis is an
independent prognostic marker for shorter
overall, with a relative risk of 2.827 [95.0%
Cl=1.652-4.542, P=0.000], while the four-pro-
tein model did not (data no shown).

Int J Clin Exp Pathol 2014;7(9):5950-5959
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Discussion

Esophageal cancer (EC) has the eighth highest
incidence rate (456,000 new cases) and sixth
highest mortality rates (400,000 deaths) world-
wide, with an estimated 3.2% of total cancer
cases, and 4.9% of cause of Cancer-related
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Figure 3. Overall survival of 152 patients with
ESCC in relation to tension, villin-1, talin and
profiln-1 expression, and the risk level of the
four-protein signature. Survival rates were ana-
lyzed using the Kaplan-Meier survival test.

deaths in 2012, with nearly half of the EC cases
and deaths occurring in the Far East, especially
in China [24]. There are two main histological
types, adenocarcinoma and squamous cell car-
cinoma [25]. Although the rates of esophageal
adenocarcinoma in Western countries are in-
creasing, ESCC is still the leading type of EC in

Int J Clin Exp Pathol 2014;7(9):5950-5959
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Table 3. Association between four-protein signature
risk and clinical pathological parameters in ESCC

Four-protein signature

Clinical parameters r, P*

Low risk  High risk

Age (years)

<58 60 15

>58 53 24
Gender

Male 84 30

Female 29 9
Differentiation

G1 33 11

G2 72 21

G3 8 7
Invasive depth

T2 7 1

T3 105 38

T4 1 0
LN metastasis

NO 65 12

N1 48 27
pTNM stage

I/1 65 12

/v 48 27

0.128, 0.139

-0.026, 0.832

0.073,0.358

0.51, 0.626

0.234, 0.005

0.265, 0.001

Kendall's tau-b test, *P value <0.05 was considered sig-

nificant. LN: lymph node.

the world [26]. Currently, the diagnosis and
prognosis of ESCC still remain difficult. The
5-year overall survival is only 31.0% [27]. So it
is vital to identify prognosis markers for ESCC.
In our research, we used immunohistochemis-
try to detect the correlations between tensin,
profilin-1, villin-1 and talin, and various clinico-
pathological parameters in ESCC patients. A
molecular predictor model, based on the com-
bined expression of the four ABPs, was also
developed to study the association of the four
ABPs with clinical factors and the prognosis of
ESCC. According to our results, only weak sig-
nificance could be observed between lymph
node metastasis and tensin, and between
pTNM stage and profilin-1. However, the four
ABPs collectively demonstrate strong signifi-
cance with 5-year overall survival rate in our
four-protein model analysis, and a significant
association with lymph node metastasis and
PTNM stage, based on Kendall's tau-b test.

Tensin is a family of multi-domain scaffold pro-
teins that bind the cytoplasmic tail of B-integrins
in adhesions that anchor stress fibers in cells
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[7]. Human clinical sample analysis found
that human breast carcinoma, prostate car-
cinoma, head and neck squamous cell car-
cinoma, and melanoma have largely redu-
ced expression of tensin [28]. It has also
been shown that some cancer cell lines do
not express detectable levels of tensin pro-
tein relative to normal fibroblasts that have
abundant expression [29]. In our study, we
find that tensin is mainly expressed in the
cytoplasm and the positive frequency of
tensin decreases in ESCC, in accord with
prior investigators [7]. It is worth noting that
lymphatic metastasis is closely related to
the positive-expression of tensin (P=0.033),
suggesting that tensin may be absent in
early stages of ESCC and then become re-
expressed, leading to lymphatic metastasis
in late stages of cancer, indicative of poor
prognosis.

Profilin-1 has been reported to inhibit the
migration of tumor cells by reducing cell-cell
adhesion, and is down-regulated in several
different types of cancer [30-32]. Our study
reveals that the prognosis of patients is sig-
nificantly associated with regional lymph
node metastasis and pTNM stage. Profilin-1
is principally expressed in the cytoplasm,
and positive staining is more apparent in
cancer cells than in normal cells. Profilin-1
staining displayed a similar trend as the surviv-
al curve, suggesting a possible association
with prognosis, but the correlation between
profilin-1 staining and 5-year overall survival
did not reach significance, in conformity with
prior investigators [30]. This may only indicate
that profilin-1 plays a partly negative regulatory
role in ESCC. Up-regulation of villin-1 mRNA
occurs more frequently in the early recurrence
patients as compared to the late recurrence
patients, suggesting that the existence of a
subtype of villin-1-positive cervical tumors have
poor response to radiotherapy [33]. We were
unable to detect a significant correlation bet-
ween villin-1 expression and prognosis, alth-
ough there is an obvious tendency for higher
expression to correspond to poor prognosis.

Talin has an essential role in contact with inte-
grin B subunits and actin filaments [34, 35]. It
has been reported that talin is associated with
the differentiation of cancer, such as in HCC
[36]. However, the regulation of talin expres-
sion in tumors is still a controversial area. Over-

Int J Clin Exp Pathol 2014;7(9):5950-5959
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expression of talin-1 can promote prostate can-
cer cell adhesion, migration and invasion via
activation of FAK and AKT signaling [37]. In
HCC, levels of talin expression may be connect-
ed to the dedifferentiation of HCC and contrib-
ute to the higher rate of portal vein invasion. In
our current study, cytoplasmic expression of
talin in ESCC does not correlate with prognosis
(P=0.146).

The above results show that we could not iden-
tify a significant relationship between progno-
sis and any individual ABP. This is likely due to
the dynamic nature of the actin cytoskeleton
being a complex process involving the co-par-
ticipation of a variety of ABPs [39] as a general
mechanism of actin assembly, WASP family
proteins bind Arp2/3 to polymerize G-actin into
dendritic actin networks. Then F-actin extends
under the regulation of capping proteins and is
finally anchored at the membrane in associa-
tion with myosin-X, IRSp53, Ena/VASP and
mDia2, and cross-linked with fascin [40]. In ad-
dition, many experiments showed a combined
effect of ABPs in determining actin-based motil-
ity, and the involvement of multi-ABP mutations
in cancer metastasis andinvasion [1, 41]. There-
fore, it is not surprising that prognosis should
correlate with combined ABP expression pat-
terns rather than individual ABP expression, as
supported by our current study demonstrating
the significant correlation of our four ABPs with
the prognosis of ESCC. In addition, our data
also reveals the significance of the four-protein
combination with lymph node metastasis and
pTNM classification, further suggesting that
multiple ABPs have an effect in prognostic with
influencing the lymph node metastasis. In con-
clusion, the results of our study indicate that
the combined expression pattern of actin-bind-
ing proteins can be a prognostic marker for
patients. However, the specific mechanisms of
the interaction between ABPs and ESCC still
require further study.
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